The pulmonary blood flow is usually at least three times the systemic flow in uncomplicated atrial septal defect. Even allowing for errors in the calculation of flow by the direct Fick principle in the presence of a small arterio-venous oxygen difference, the pulmonary flow may be over 20 litres a minute. The increased pulmonary flow (measured in volume per unit of time, i.e. litres per minute) may reflect an increase in the circulating pulmonary blood volume or in the speed of flow or in both (McDonald et al., 1958) . The circulating pulmonary blood volume in atrial septal defect is considered to be much larger than normal: the present investigation was made to determine if the speed of flow was increased.
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METHOD
Twenty-one patients with atrial septal defect, in whom the diagnosis was confirmed by cardiac catheterization, were studied by a dye-dilution technique, and compared with 19 patients who did not have intracardiac shunts. None had a left-to-right shunt either at ventricular or aortic level, and patients with significant valvar incompetence were excluded from both groups. The systemic flows in the patients without intracardiac shunts were comparable to those of the patients with atrial septal defect. The diagnoses in the patients without shunts were mitral stenosis, pulmonary stenosis, pericardial effusion, aortic stenosis, coarctation, and normality. Six patients were studied after surgical closure of atrial septal defect. Indigo-carmine, or T. 1824, was injected into the pulmonary artery and branches, and the initial passage of dye registered by an earpiece, that incorporated barrier layer cells, and by a Honeywell Brown recorder (Norman, 1959) . The time from the injection of dye to its appearance at the right ear (appearance time: Wood and Swan, 1954) was measured from the dye-dilution curves.
Venous cardiac catheterization was performed by the usual technique, and systemic and pulmonary flows determined by the direct Fick principle. Arterial and mixed venous blood were sampled simultaneously, in the middle of a five-minute period of collecting expired air in a Douglas bag. Blood-gas analysis was by the Haldane method, and analysis of expired air by the microScholander technique. Cardiac indices were obtained by dividing the cardiac output in litres/minute by the body surface area (obtained from a Dubois chart of height and weight) in square metres.
RESULTS
Of the 21 patients with atrial septal defect who were studied pre-operatively, 9 were male and 12 female. Ages were from 13 to 48, with an average of 29 years. Body surface areas were 1 27 to 1-97 sq. m., and averaged 1 62 sq. m. Cardiac indices (systemic flow) were 1 4 to 4-4 with an average of 2-9 l./min./sq. m. The corresponding findings in the 19 patients without intracardiac shunts were: six male and 13 female; ages 12 to 57, average 32; body surface areas 1-27 to 1-95, average 1-57; cardiac indices 1 9 to 5-0, average 3 0. Of the patients studied after closure of atrial septal defect two were men and four women; ages 23 to 47, average 33; body surface areas 1 50 to 210, average 1P75; cardiac indices 2-2 to 3-8, average 2-8.
Appearance times were significantly shorter in atrial septal defect than in patients without intracardiac shunts (Tables I and II and Fig. 1 After surgical closure of atrial septal defect the appearance times (Fig. 3) , after injection into the pulmonary artery and into its right branch (Table III) group.bmj.com on June 20, 2017 -Published by http://heart.bmj.com/ Downloaded from These findings show that in atrial septal defect the speed of pulmonary blood flow is greatly increased, compared with that in patients who have no shunt and comparable systemic blood flows. In uncomplicated atrial septal defect the lesser circulation is therefore truly hyperkinetic; it becomes normal after surgical closure of the defect.
DISCUSSION
The appearance time on dye-dilution curves, under the conditions of this study, may be considered to reflect the speed of blood flow from the site of injection to the site of sampling. These sites were the pulmonary artery and right ear respectively. The smaller the body surface area the less will be the appearance time, and the appearance time is considered to decrease as the systemic flow increases (Korner and Shillingford, 1955) . However, in the groups studied the cardiac outputs and body surface areas were comparable, and the appearance times may be considered to differ in respect of the speed of pulmonary blood flow. The present findings are therefore considered to demonstrate a greatly increased speed of flow in atrial septal defect, and are in accord with observations on the "lung recirculation time" in this condition (Swan et al., 1956 ). An increase in the volume of the fluid through which the dye passes is thought to lengthen the appearance time (Shillingford, 1958) ; in atrial septal defect this factor would weigh against the difference found, in comparing atrial septal defect with non-shunt cases, since the pulmonary blood volume is increased in the former. Significant valvar incompetence, which is thought to decrease the appearance time (Korner and Shillingford, 1955) , was not present in the patients studied, nor is it considered that any comparable mechanism, rather than the speed of pulmonary blood flow, shortens the appearance time in atrial septal defect.
This increase in the speed of pulmonary blood flow in atrial septal defect may be correlated with other clinical and physiological findings found in the condition. But in uncomplicated atrial septal defect the scatter of appearance times seems too small to serve as a useful parameter, in this way.
SUMMARY
The appearance times on dye-dilution curves from 21 patients with atrial septal defect have been compared with those from 19 patients who did not have intracardiac shunts, and 6 patients after surgical closure of the defect.
Appearance times were significantly shorter in atrial septal defect, and became longer after closure. Thus an increased speed of pulmonary blood flow has been demonstrated, and there is a truly hyperkinetic circulation in uncomplicated atrial septal defect. 
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